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研究（HRTEM，XRD，SEM）结果表明，平均粒径约为 2~4 nm 的过渡金属小
粒子均匀地分散在 MWCNTs 的表面；壳聚糖(CHIT)兼具分散碳纳米管，协同


















































Multi-walled carbon-nanotubes (MWCNTs) has been drawing increasing attention 
since its discovery. As this new form of carbon exhibits high specific surface area, 
conductivity, and chemical stability， intensive studies have been carried out 
suggesting great potential for applications of MWCNTs in nanotechnology. In 
particular, carbon nanotube-metal nanohybrids are emerging materials that are 
receiving increasing interest for applications in heterogeneous catalysis, 
electrochemical sensors/biosensors, fuel cells and nanomedicine, so the development 
of new effective synthesis of transition metal decorated MWCNTs is highly attractive. 
Based on this research goal, a novel synthesis of transition metallic nanoparticles 
(NPs) decorated MWCNTs via the spontaneous reduction of metallc ions with 
chitosan functionalized MWCNTs has been developed. Characterization of the 
nanocomposites reveals that the ultrasmall transition metallic particles (approx.2-4 nm) 
were well loaded on the surface of MWCNTs. The dual function of chitosan adsorbed 
on the surface of carbon nanotubes are mediating MWCNTs for reduction of the 
metallic salt and efficient anchoring of transition metallic nanoparticles to the 
nanotubes. In the case of synthesis of non-noble metal(Cu, Co, Ni) decorated 
MWCNTs nanohybrids, the addition of amonia to the suspension to adjust the pH is 
responsible for the reduction of metallic salts.  
Moreover, the catalytic performance of the carbon nanotube-metal nanohybrids 
for synthesis of 4-aminophenol (4-AP) from reduction of 4-nitrophenols(4-NP) by 
NaBH4 was studied. It is well known that 4-NP is kind of the most refractory 
pollutants that can occur in industrial wastewaters, the massive discharge of 4-NP 
heavily polluted evironment. At the same time, there is a great demand of the 4-AP in 
industry. So the study on catalytic reduction of 4-NP to 4-AP by sodium borohydride 
in aqueous solution has significant meaning in energy saving, safty and environment 
protection. The experimental results showed that the M-CHIT-MWCNTs nanohybrids 
display excellent performance for reduction of 4-NP under room temperature, near 















catalyst, the turnover frequency(TOF) of 4-NP reached 8. 86×1016g-1s-1.  
In addition, as one of the in-situ spectroscopic techniques with high surface 
sensitivity in probing the interfacial species, surface enhanced Raman scattering 
(SERS) has an advantage of investigating surface processes,  so the application in 
SERS was also investigated with Au(Ag)-CHIT-MWCNTs nanohybrids. The results 
show that the nanohybrids greatly enhance Raman spectra of carbon nanotubes. 
Meanwhile, the SERS using Rhodamine 6G (R6G) as the probe molecule was also 
explored with Au(Ag)-CHIT-MWCNTs as substrate. Enhanced Raman signal has 
been observed and a well proportional relation exists between the enhancement effect 
and the loading of metal. 
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急性中毒浓度为 4 580 μg/L，因此，为了确保人体健康，水中的对硝基苯酚浓度























第一章 绪  论 
 2
苯酚进行了研究，连续操作实验表明，无纺布的使用提高了对硝基苯酚的生物降




在一个的液膜操作过程中，硝基酚类化合物的浓度可分别从 1 050 mg/L降至小
于 l mg/L，6 700 mg/L降至小于 2.2 mg/L。栾金义等[14]利用液膜法对含有硝基酚
的废水进行了处理试验研究，结果表明，在进水总酚质量浓度分别为 1 050 mg/L、



















剂只能使 1/3到 1/5的对硝基苯酚和邻硝基苯酚矿化为 CO2，而在太阳光和紫外









































蓝 FBL、硫化深蓝 3R、硫化蓝 FBG、硫化艳绿 GB、弱酸嫩黄 SG、弱酸嫩黄
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